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Abstract
Aerobic capacity is a crucial component of  an athlete’s performance, especially 
in team sports like futsal, which require high endurance. Short Interval Training 
(SIT) has been widely used to improve aerobic capacity; however, individualized 
approaches based on Maximum Aerobic Speed (MAS) remain limited. This study 
aims to investigate the effect of  a SIT program based on high MAS on the aerobic 
capacity among female futsal athletes. An experimental method with a one-group 
pretest–posttest design was used, involving five athletes from the Student Activity 
Unit at Universitas Pendidikan Indonesia. Participants underwent 16 training ses-
sions over 8 weeks, with intensities set at ≥95% of  each athlete’s maximal effort. 
VO₂max was measured before and after the training program. Statistical analysis us-
ing a paired sample t-test showed a significant improvement in VO₂max from 39.39 
to 40.73 ml/kg/min (p = 0.004, p < 0.05). This approach allows for better training 
precision and physiological adaptation by adjusting workloads according to each 
athlete’s aerobic threshold. These findings indicate that SIT program based on high 
MAS is effective in improving aerobic capacity and enhancing recovery during the 
match. The results support the implementation of  SIT program based on high MAS 
as an efficient and personalized training strategy for athlete conditioning programs. 
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recovery periods ranging from 15 to 150 seconds 
and training intensities exceeding 95% of  maximal 
effort. This method targets anaerobic alactic 
endurance while simultaneously promoting 
aerobic adaptations (Driver, 2013; Rushall & 
Pyke, 1990). Although originally applied in elite 
athletic contexts, short interval training can also 
be adapted for beginners by adjusting training 
intensity gradually.

To ensure training precision and safety, 
the workload should match the athlete’s 
physiological capacity. One of  the most effective 
parameters for this is Maximum Aerobic Speed 
(MAS), the minimum speed at which VO₂max 
is reached during running (Thron et al., 2022). 
MAS is widely used to determine optimal training 
intensities and customize running sessions 
according to each athlete’s aerobic potential (Bok 
et al., 2023; Tecco et al., 2022). This approach 
allows coaches to design training programs that 
are more efficient, targeted, and aligned with 
individual performance limits.

Although previous research such as 
that by Rønnestad et al. (2020) has shown that 
short interval training is more effective than 
long interval training in improving aerobic 
capacity among elite cyclists, those studies did 
not incorporate MAS in determining training 
intensity. This presents a relevant gap in the 
current body of  knowledge.

Therefore, this study aims to investigate the 
effect of  a Short Interval Training program based 
on high Maximum Aerobic Speed (MAS) on the 
aerobic capacity among female futsal athletes 
at the Student Activity Unit of  Universitas 
Pendidikan Indonesia. These athletes possess 
adequate technical and tactical proficiency but 
require improvement in physical conditioning, 
particularly aerobic capacity. This individualized 
training approach is expected to significantly 
enhance aerobic performance in a structured and 
effective manner.

The novelty of  this study lies in the 
application of  short interval training tailored to 
individual Maximum Aerobic Speed (MAS). 
This approach allows training intensity to be 
precisely adjusted according to each athlete’s 
physiological capacity, making the training more 
targeted and effective. Unlike previous studies 
by Rønnestad et al. (2020) and Gibala et al. 
(2006), which examined the effectiveness of  short 
interval training in general without calibrating 
intensity based on MAS values, this study 
introduces a more adaptive model. By using 
MAS as the basis for determining workload, 
this research contributes a new perspective in 

INTRODUCTION

Sports are regularly practiced by various 
groups for purposes including health, education, 
and athletes achievement. In Indonesia, many 
young athletes demonstrate great potential but 
are often limited by inadequate training facilities 
and structured coaching programs. According 
to Mubarok (2019), the development of  athlete 
performance encompasses four key components: 
physical, technical, tactical, and mental. Among 
these, the physical aspect is fundamental to 
achieving success in sports performance (Prima 
& Kartiko, 2021).

A core indicator of  physical fitness is 
aerobic capacity, which refers to the body’s 
ability to sustain high-intensity activity over 
an extended period. However, in certain cases, 
the improvement of  athletes’ aerobic capacity 
encounters various constraints, leading to 
suboptimal outcomes. This limitation is primarily 
attributed to the implementation of  aerobic 
training methods that are not tailored to the 
individual capabilities of  the athletes. Aerobic 
capacity depends largely on VO₂max (maximum 
oxygen uptake), which measures the efficiency 
of  the body in utilizing oxygen during intense 
exercise (Sidik & Rosdiana, 2022, 2023). VO₂max 
is influenced by factors such as age, sex, genetics, 
blood volume, mitochondrial efficiency, and 
physical training habits (Joyner & Dominelli, 
2021).

Therefore, to improve aerobic capacity 
effectively, training must be structured, 
progressive, and tailored to individual ability. 
According to Sidik et al. (2019) outlined stages 
of  aerobic endurance training, beginning with 
aerobic foundation and development, leading 
up to maximal aerobic training. These stages 
enable progressive physiological adaptation 
in both muscular and cardiopulmonary 
systems, promoting sustainable performance 
improvements.

One effective approach to improving 
aerobic performance is interval training, which 
involves repeated sessions of  moderate to high 
intensity activity interspersed with recovery 
periods (Wilmor & Costil, 2008). This method 
can be adjusted based on work duration, 
intensity, repetition, recovery type and duration, 
and training frequency (Bilge, 2013). Based 
on workload duration, interval training is 
categorized into short, intermediate, and long 
interval training (Rushall & Pyke, 1990).

Short interval training features short bursts 
of  high-intensity exercise (5–30 seconds) with 
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the development of  performance-based training 
methods, particularly for improving aerobic 
capacity in female futsal athletes.

METHOD

This study employed an experimental re-
search method aimed at assessing the effect of  
specific treatment on a particular variable. The re-
search design used was One Group Pre-test–Post-
test Design, where a single group is tested before 
and after the intervention (Yuwanto, 2019).

Table 1. One Group Pre Test-Post Test Design

Pre Test Treatment Post Test

O x o

O = Aerobic capacity measurement (Balke Test)
X = Treatment (Short Interval Training based on 

high MAS)

The population consisted of  30 female 
futsal athletes from the Student Activity Unit at 
Universitas Pendidikan Indonesia. A purposive 
sampling technique was used to select partici-
pants based on their high MAS category, as iden-
tified through the pre-test. According to Verducci 
in Pardilla et al. (2019), the top 27% of  the group 
were selected, resulting in a sample size of  10. 
These participants were then further divided into 
two subgroups for experimental treatment, each 
comprising five individuals.

The Balke Test (15-minute run) was used 
to measure aerobic capacity. Participants were 
instructed to run continuously for 15 minutes 
around a 400-meter track, and the total distance 
covered was recorded. VO₂max was calculated 
using the following formula: VO₂max = (((Dis-
tance / 15) – 133) × 0.172) +33.3 (ml/kg/min)  
(Mackenzie,2005). The test has high validity 
(0.98) and reliability (0.85) (Mahardika, 2022).

The training program followed Short In-
terval Training principles adapted from Rushall 
& Pyke (1990), with intensities aligned to each 
athlete’s maximal effort. Training characteristics 
included:

Table 2. Characteristics of  Short Interval Trai-
ning (Rushall & Pyke, 1990)

Component Specification 

Duration per repetition 5-30 seconds

Training intensity
≥95% of  peak perfor-

mance

Recovery duration 15-150 seconds

Work-to-rest ratio 1:3 to 1:5 

Repetitions per session 5-20

The program was implemented over 16 
sessions (twice per week for 8 weeks).

The research procedure included a pre-test, 
treatment phase, and post-test. The treatment ses-
sions were designed based on high MAS values 
and conducted with structured progression. Data 
were then collected and analyzed using statisti-
cal procedures. Maximum aerobic speed can be 
calculated using the formula: maximum aerobic 
speed = distance (meters) / 900 seconds (using 
the Balke test) (Giriwijoyo & Sidik, 2010).

Data analysis involved the following steps:
1.	 Descriptive Statistics: to summarize cent-

ral tendency and distribution characteristics 
(mean, median, SD, minimum, and maxi-
mum).

2.	 Normality Test: to assess data distribution 
using SPSS’s Explore function with normality 
plots.

3.	 Hypothesis Testing: a paired sample t-test 
was conducted to compare pre- and post-test 
VO₂max scores, determining the significance 
of  the training intervention.

.

RESULTS AND DISCUSSION

This study evaluated the effect of  Short In-
terval Training based on High Maximum Aero-
bic Speed (MAS) on the improvement of  aerobic 
capacity in female futsal athletes. The high MAS 
values of  the participants ranged from 2.60 to 
3.06 m/s, as calculated using the formula:

MAS = distance (meters) / 900 seconds 
(Giriwijoyo et al., 2009), based on the Balke Test 
results.

The average VO₂max increased from 39.39 
to 40.73 ml/kg/min, suggesting a positive effect 
of  the training intervention. A Shapiro–Wilk 
test confirmed that both pretest (p = 0.546) and 
posttest (p = 0.459) VO₂max scores were normally 
distributed (p > 0.05), allowing the use of  para-
metric tests for further analysis. The results of  the 
paired sample t-test revealed a statistically signifi-
cant improvement in VO₂max after the interventi-
on (p = 0.004, p < 0.05), indicating that the trai-
ning program had a measurable and meaningful 
effect on aerobic capacity.

The results show that Short Interval Trai-
ning (SIT) based on high Maximum Aerobic 
Speed (MAS) effectively improves aerobic capa-
city and enhances recovery during competition. 
Consistent with the definition proposed by Si-
dik et al. (2019), aerobic endurance refers to the 
body’s ability to withstand fatigue during prolon-
ged physical exertion and to recover efficiently in 
a short time. The mean VO₂max increased by 1.34 
ml/kg/min following 8 weeks of  training, reflec-
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ting physiological adaptations such as improved 
cardiovascular efficiency and oxygen utilization.

The inclusion of  high MAS values (ranging 
from 2.60 to 3.06 m/s) allowed training intensity 
to be precisely calibrated to each athlete’s aerobic 
threshold. By prescribing training loads at ≥95% 
of  each individual’s maximal effort, the program 
ensured optimal aerobic stimulation while main-
taining safety and efficiency. This aligns with fin-
dings from Thron et al. (2022) and Tecco et al. 
(2022), which emphasized the effectiveness of  
MAS-based training in endurance performance 
development.

Compared to previous studies like Rønne-
stad et al. (2020), which highlighted the benefits 
of  SIT without MAS-based calibration, this study 
demonstrates the added value of  individualizing 
intensity using high MAS to improve training 
outcomes. The consistent increase in VO₂max 
across participants, despite the small sample size 
(n = 5), suggests the reliability of  the intervention 
model.

Overall, these findings support the imple-
mentation of  short interval training based on 
high MAS in athlete conditioning programs, par-
ticularly in sports that demand high aerobic capa-
city, such as futsal. However, this study has limi-
tations, particularly the small sample size, which 
restricts the generalizability of  the findings. Ad-
ditionally, data collection was conducted manu-
ally, which may affect measurement accuracy. 
Future research is recommended to utilize more 
advanced technology, such as heart rate monitors 
or GPS trackers, to facilitate data collection and 
improve the precision of  training implementation 
and evaluation.

CONCLUSION

This study concludes that the application 
of  Short Interval Training based on High Maxi-
mum Aerobic Speed (MAS) has a significant ef-
fect on improving aerobic capacity in female fut-
sal athletes. The athletes demonstrated the ability 
to recover rapidly during the match.  The training 
program led to a measurable increase in VO₂max 
after eight weeks of  intervention. The individua-
lized approach based on high MAS allowed for 
more accurate intensity regulation, promoting 
optimal physiological adaptations. These findings 
support the use of  high MAS-based training as 
an effective strategy for enhancing aerobic perfor-
mance and offer a valuable contribution to indi-
vidualized conditioning programs in team sports.
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